The L-phase of 13 bacteria commonly associated with disease were induced by penicillin and inoculated into various solid and broth media; their growth was recorded for a period of 14 days. Plates containing highly purified agar and sucrose as the stabilizing agent and those incubated under aerobic conditions gave the best results. Magnesium seems to be necessary for growth in broth media on primary isolation, although it may not be necessary on multiple transfers after a more stable state has been reached. Growth in broth media is much more difficult to achieve. Reversion is aided by using a higher concentration of agar in plates, by decreasing the sucrose concentration, and by omitting the antibiotics and horse serum. A procedure has been outlined for the routine culture and identification of L-phase organisms from a clinical specimen.
Recently much research has been done in an attempt to discover the possible role of the L-phase in the cause of disease and especially in the relapses of chronic infections (5) . L-phase organisms have actually been isolated from many cases of chronic staphylococcal infections (6) , septicemias (17, 18) , chronic bacteriuria (9) , meningitis (13, 17) , tuberculosis (17, 19) , rheumatic fever and endocarditis (7, 11, 13) , chronic skin and mucosal lesions (6, 8) , and pyelonephritis (15) . Some diseases, for example, meningitis and meningoencephalitis (13) , pyelonephritis (10) , and chronic skin lesions (8) , have been produced in laboratory animals by inoculation of L-phase organisms. As convincing as this may sound in support of L-phase pathogenicity, the percentage of positive findings are neither high enough nor consistent enough to be accepted completely. One of the questions that must be raised, therefore, pertains to the reliability of the present cultural techniques in the successful isolation and support of any L-phase organisms that may be present in a specimen.
The study being presented was undertaken in an attempt to evaluate the most commonly used media at the present time and to determine the simplest medium or media, both liquid and solid, that would give optimal growth of the L-phase of any bacteria. This evaluation included testing for the best stabilizing agent, the optimal atmospheric conditions, the importance of additional nutrients, such as magnesium and yeast extract, and relating these factors to possible differences in requirements of the gramnegative and gram-positive bacteria.
Although other methods have been suggested (24) , the simplest and most reliable means of identification of an L-phase organism depends on its reversion to the bacterial form. An attempt, therefore, was also made to obtain a simple medium that would facilitate the reversion of the L-phase to the classical form and would make possible its subsequent identification by routine laboratory methods. The ultimate goal of this study is, of course, to set up a routine culture procedure that could be used in any size laboratory for the quick isolation, reversion, and identification of an L-phase organism from a clinical specimen.
NIMMO AND BLAZEVIC
The bacterial phase was incubated in Brain Heart Infusion broth (BHI, Difco) with 20% sucrose for 18 hr, and the L-phase was produced by inoculating 0.5 ml of the bacterial broth culture into 10 twofold dilution tubes containing 0.5 ml of penicillin (potassium penicillin G, Squibb) in the range of 100 to 0.2 units/ml. The penicillin was also diluted in a solution of 20% sucrose in BHI broth. After 18 hr of incubation at 35 C, the presence of the L-phase in slightly turbid broth penicillin tubes was confirmed by their characteristic form under a phase microscope at a magnification of 1,355. A 0.2-ml amount of the broth was then inoculated in four different broth media, and 0.1 ml was spread over four different agar plates.
The basic medium consisted of: BHI (Difco), 3.7%; sucrose, 15%; MgSO4.4H20, 0.2%; horse serum (Grand Island Biological Co., uninactivated), 10%; 25% yeast extract, 1.0%; and penicillin (potassium penicillin G, Squibb), 1,000 units/ml. This medium will be referred to as BS+ broth. The solid medium, BS+ agar, contained 1.2% Noble's Special agar (Difco). Single changes in this basic medium comprised five of the other six media used. The following substitutions or omissions were made: (i) substitution of 4% NaCl for 15% sucrose, designated BNa+ broth and BNa+ agar when 1.2% Noble agar was added, (ii) omission of 0.2% MgSO4*4H20 from the basic medium, designated BS-broth and BS-agar, and (iii) omission of the 1.0% yeast extract from the basic medium, designated BS(-y); this was used in the broth form only. The eighth medium used was a solid medium containing BHI agar (Difco), 5.2%; sucrose, 20%; horse serum, 20%; 25% yeast extract, 10%; and penicillin, 1,000 units/ml. This medium was designated BYSP agar and had a final agar concentration of approximately 1%. All media had a final pH of 7.6 to 7.8.
Three other media were tested, two containing a Trypticase-soy (BBL) and BHI base and one containing only the Trypticase-soy base. These media were tested because the Trypticase-soy broth contains the peptones and phytone used by some authors (1, 9, 14, 16) . All three media were tested in solid and broth form, with both NaCl and sucrose as stabilizing agents, and containing the same amount of horse serum, yeast extract, MgSO4*4H20, and penicillin as the basic BS+ medium. Promotion of growth, however, was usually less favorable in all three media, and their use was discontinued after 6 weeks.
After inoculation, all media were incubated at 35 to 37 C. Liquid media were examined for growth on the 1st, 2nd, 4th, 7th, 10th and 14th days by placing one drop of mixed broth on a glass slide and viewing it under a phase microscope at a magnification of 1,355. The amount of growth was graded 1 + to 5+, 1 + representing poor growth, possibly that due only to inoculum, and 5+ representing abundant growth, that approaching a packed field. Plates were read for growth under an inverted microscope on the 2nd, 4th, 7th, 10th, and 14th days and graded 1+ to 4+. Growth on plates appeared in two forms, one having the easily recognized round "fried egg" appearance and the other giving diffuse, spreading. colonies on the agar.
At the end of 2 weeks and at varying times afterthat, L-colonies on plates and L-phase organisms in. broth were transferred to reversion medium for identification and verification of results. The reversion medium used was a modification of that used by Crawford, Frank, and Sullivan (1) and consisted of-BHI agar (Difco), 1.4%; sucrose, 10%; 25% yeast extract, 4%; it contained no horse serum or penicillin.
Because L-phase cultures many times have to be transferred from one medium to another to promote reversion or to preserve cultures for further study, a test was set up to determine any effect the primary isolation media might have on the promotion of growth in the transfer media. This limited test was done exclusively with broth media and excluded the BNa+ broth because primary growth was very difficult to obtain. The greater part of the test made useof a strain of P. mirabilis because it was the only organism tested that gave sufficient growth in liquid media to easily semiquantitate the results. After abundant growth was obtained in primary isolation (usually in 48 to 72 hr) in BS+, BS-, and BS(-y) broth, 0.1 ml of L-phase suspension from each tube was inoculated into each of three new BS+, BS-, and BS(-y) tubes. When abundant growth appeared in these tubes, three new sets of tubes were inoculated from the tube in each set that corresponded to the primary isolation tube. This transferring was. carried through four sets of inoculations, and the time required for abundant growth, as observed under phase microscopy, was recorded for each. An enterococcus, a coagulase-positive staphyloccus, and a coagulase-negative staphylococcus were each carried through two transfers.
The same strain of P. mirabilis used in the above test was also kept frozen at -20 C for a period of 8 days and, after thawing at room temperature, it was inoculated into broth media and onto plates to test the effect of freezing on viability of the L-phase and to determine whether freezing would be a satisfactory method of preserving clinical specimens and test organisms.
When tests for determining the optimal atmospheric conditions were done, aerobic plates were incubated in a loose-top jar, anaerobic plates were incubated in a Gaspak jar (BBL), and the C02 atmosphere was achieved by use of a candle jar. Moisture was preserved in all jars by the inclusion of dampened gauze to prevent drying over the 2-week incubation period.
When heart valves were received for culture, they were immediately transferred to a 20% sucrose solution if they were not received in this solution. They were then aseptically ground in a sterile mortar and pestle and washed with approximately 5 ml of sterile sucrose solution; 0.1 to 0.2 ml of this solution was inoculated into broth and plate cultures. These included a Trypticase-soy broth, a BS+ broth, and a BYSP plate all without penicillin. The inoculum was also filtered through a membrane filter (0.45 ,m pore size; Millipore Corp., Bedford, Mass.) and inoculated into a BS+ broth and a BYSP plate with penicillin. The other specimens, a urine and the washings from a liver abcess, were collected in 20% sucrose solution and inoculated directly in tubes and plates without penicillin. The filtrates were inoculated in media with penicillin. RESULTS Except for P. mirabifis, growth on solid media was more readily apparent and more easily maintained than growth in liquid media (Tables   1 and 2 ). The BYSP medium proved to be the best solid medium, both because it usually gave the more abundant growth and because many times it produced the easily recognized round "fried-egg" colonies when the other media did not. A majority of the time, all solid media tested gave satisfactory results, and beginning growth was always apparent within 48 hr and was usually present within 24 hr.
BS+ broth medium gave the best results in most cases, and in no case did growth fail to occur in this medium while growing in another. The BS-and BS(-y) broth media gave approximately the same results, although, in some cases, maximal growth was reached a few days earlier in the BS-medium. With only two organisms was growth in the BNa+ broth equal to growth in the other media.
Results of the transfer study showed that the BS -medium gave the best promotion of growth of the L-phase of P. mirabilis on transfer, regardless of the primary isolation medium. It appears, therefore, that the L-phase of this organism, after its initial formation and growth, no longer requires Mg2+ for stability. Neither did this organism seem to require yeast extract for growth. Tests with the gram-positive cocci were not carried through as many transfers as was the Proteus strain, but results indicated that, when growth is not abundant in primary isolation, Mg2+ was still required for growth in transfer media.
When the P. mirabilis culture was frozen and thawed a week later, growth appeared in all inoculated media, although in a few cases ap- pearance of abundant growth was delayed for I or 2 days. The final variable tested was for the type of atmospheric conditions giving optimal growth of the L-phase on agar plates. Although the three organisms tested can give only presumptive evidence, results indicated that there were little growth differences with aerobic, anaerobic, or CO2 atmospheres. With two of the three organisms, aerobic conditions gave slightly faster growth, especially in the development of the typical "fried-egg" colonies.
When cultures were transferred to reversion medium, L-phase organisms from broth cultures many times reverted to the bacterial form within 24 hr, and reversion from agar plate transfers often took place within 3 days. Just as frequently, however, reversion took several transfers on reversion media. With three organisms, the beta-streptococcus, a coagulase-negative staphylococcus, and an E. coli, reversion had not occurred after six transfers. Sometimes several transfers on reversion media were necessary even after reversion, before good growth could be obtained on blood-agar and before characteristic identifying biochemical reactions could be demonstrated, even though the proper Gram stain was obtained on previous transfer. At times, one reversion plate would show reversion and another, inoculated under identical conditions, would not. In a few cases, if plates or tubes were incubated over a long enough period of time to sufficiently decrease the penicillin activity and reduce its inhibitory effects for classical forms, spontaneous reversion would appear in L-phase media. These could then be plated onto reversion medium or sometimes directly onto blood plates and be identified biochemically. One of the coagulase-negative staphylococci became coagulase-positive on reversion, confirming the observations of Tunstall and Mattman in their study (23) .
Six specimens were received for L-phase culture, including four heart valves, one urine, and one wound culture. Of the four heart valves, two were known to be from rheumatic heart patients. Two of them grew out L-phase organisms that have since reverted to gram-negative rods. One was subsequently identified as a Flavobacterium. Two of the valves were placed in normal saline solution for an undetermined period of time and were then frozen for approxi- mately 2 weeks before reaching the laboratory for culture. No L-phase organisms could be cultured from these two specimens. The urine culture was sterile. Coagulase-positive staphylococci grew directly from the wound culture, but no L-phase organisms appeared in the filtered culture. DISCUSSION L-phase growth was considerably better on BYSP plates as compared to BS-plates, although their primary difference was one of concentration of ingredients. The amount of Noble Special agar was altered in the BS -media to decrease the agar concentration from 1.2 to 1.0%, and the yeast extract concentration of the BYSP plate was lowered to 1 %. These changes created almost identical media, but growth on the BYSP medium remained superior to that on the BSmedia. The decreased growth on the BS -media is now thought to be due to an unidentified inhibitory substance in the lot of Noble agar used. This type of difficulty has been reported previously (19, 20) and indicates that all agar used for L-phase growth should be tested for inhibitory effects before using. This factor could also explain the decreased growth in the BS+ and BNa+ plates, although other factors are likely to be involved here also. The fact that L-phase growth is better on all solid media than in liquid media substantiates the results of other authors and indicates that a certain amount of agar is necessary for most forms (1, 3, 4, 12) .
Although Mg2+ does not seem to be required for good growth on solid medium, in liquid medium containing no agar, addition of 0.2% MgSO4 4H20 is beneficial to growth on primary isolation. This observation is in agreement with several authors (2, 11, 21) . Davis, Gemsa, and Wedgwood (2) stated in 1966 that the divalent cation Mg2+ (or Ca2+) stabilizes the protoplast either by the formation of salt bridges which protect the cell surface protein from denaturization or by the participation in an enzymatic reaction which maintains the integrity of the exposed cell wall. On repeated transfer, an organism in the L-phase may develop a type of compensatory stabilizing mechanism. Evidence for this statement is provided by the fact that the P. mirabilis strain used in this study no longer required Mg2+ for prolific growth after transfer from primary isolation and by the fact that many authors report that, after many transfers, stable L-forms can be developed that can survive and reproduce without antibiotics, stabilizing agents, or serum (1, 11, 12, 20) .
Transfer tests with other organisms, including two gram-positive cocci, a coagulase-positive staphylococcus, and an enterococcus, indicate that when growth is poor on primary isolation (see Table 1 ), perhaps owing to the presence of very unstable forms, Mg2+ is still beneficial on subsequent transfer. When a second strain of P. mirabilis was transferred to BS+ and BSbroth media, growth was good in both tubes. However, many long forms of the L-phase, believed to be a transitional stage (13) , rather than the characteristic completely pleomorphic forms, were present in the BS -tube. This, too, is probably due to the decreased stability in the Mg2+-free media.
When sucrose is used to create the hypertonicity required for the preservation of the L-phase, much better results are obtained than when NaCl is used, although many authors report good results with NaCl (1, 3, 9, 11, 14) . Two organisms gave slightly better results on BNa + plates than on BS + plates. The fact that both organisms are gram-positive cocci may indicate that growth requirements vary slightly for the gram-negative rods and the gram-positive cocci, although the overall results provide strong evidence that sucrose is the stabilizer of choice for almost all L-phase organisms.
All organisms used in this study grow very well on plates under aerobic conditions. They should be incubated at approximately 35 C, with some provision for maintaining moisture so that long incubation periods will not cause drying. If the bacterial form of an L-phase organism requires anaerobic or C02 incubation, however, the cultures for the L-phase should probably be incubated in the required atmosphere (22) .
When a clinical specimen is received for an L-phase culture, it may contain bacterial forms in addition to possible L-phase organisms. Because of their more rapid growth and their ability to grow on most L-phase media (if they do not contain antibiotics), their presence will cover up any L-phase organisms before they can be detected. Their separation may be achieved by the use of a 0.45-Arm pore size filter (Millipore), and several drops of this filtrate should be inoculated into broth and onto plates containing penicillin. This will prevent immediate reversion, so that actual L-phase growth can be demonstrated. Because penicillin can cause reversion of the bacteria to the L-phase, media without penicillin should also be inoculated with a sample of unfiltered specimen. A medium that will promote good growth of most bacterial forms but will not support L-phase growth, for example, Trypticase-soy broth, should also be inoculated to check for any bacteria that may be present initially. If Because reversion sometimes occurs more readily in liquid media, it may be helpful, in order to promote their reversion to bacterial forms, to inoculate the L-phase into broth tubes which contain at least 10% sucrose and agar in the concentration of approximately 0.1% (to support L-phase organisms) and which contains no penicillin or horse serum.
At times, reversion will fail to occur under all circumstances, and the unpredictability with which this happens, as experienced in this study, has been reported previously (12) . More research in the future should be directed in the area of discovering a quick, reliable method of identification of L-phase organisms. Such research will undoubtedly include the areas of serology and biochemistry.
In conclusion, the following points were determined in relation to the medium required for L-phase cultures. (i) A highly purified agar is needed in a concentration of approximately 0.1 % in broth culture and 1.0% in solid medium.
(ii) Sucrose acts as the best stabilizing agent. (iii) Mg2+ seems to be required for stability for the L-phase at least on primary isolation. (iv) Yeast extract does not seem to be necessary for L-phase growth. (v) The L-phase of the organisms studied will grow under any atmospheric conditions, but aerobic incubation gives slightly better growth and is the most easily obtained in routine work.
The following steps should be taken in the culturing of a routine clinical specimen: (i) inoculation into any commonly used broth to check for the presence of bacterial forms, (ii) inoculation into penicillin-free L-phase medium to check for L-phase growth while eliminating the possibility of spontaneous formation of the L-phase, (iii) inoculation of a filtered specimen onto L-phase medium containing penicillin for demonstration of L-phase growth, (iv) if growth appears, transfer of a portion of the culture to reversion medium until bacterial forms appear and can be identified by accepted laboratory procedures.
